Seeing is believing: the impact of electron microscopy on autophagy research.
Autophagy was first discovered by transmission electron microscopy more than 50 years ago. For decades, electron microscopy was the only way to reliably detect autophagic compartments in cells because no specific protein markers were known. In the 1970s, however, the introduction of biochemical methods enabled quantitative studies of autophagic-lysosomal degradation, and in the 1980s specific biochemical assays for autophagic sequestration became available. Since the identification of autophagy-related genes in the 1990s, combined fluorescence microscopy, biochemical and genetic methods have taken the leading role in autophagy research. However, electron microscopy is still needed to confirm and verify results obtained by other methods, and also to produce novel knowledge that would not be achievable by any other experimental approach. Confocal microscopy, with its ever-improving resolution, is probably the best-suited morphological approach to investigate the dynamic aspects of autophagy. However, for analyzing the ultrastructural details of the many novel organelles and mechanisms involved in specific subtypes of autophagy, the electron microscope is still indispensable. This review will summarize the impact that electron microscopy has had on autophagy research since the discovery of this self-degradation process in the mid-1950s. Astonishingly, some of the "novel" concepts and principles of autophagy, presented in the recent studies, were already proposed several decades ago by the pioneering, accurate and passionate work of virtuoso electron microscopists.